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摘   要 
本论文以褐菖鲉（Sebastiscus marmoratus）为实验材料，主要研究不同浓度下 0 号
柴油水溶性成分（diesel oil water-soluble fraction，DWSF）胁迫对其肝脏、脾脏和肾脏
等器官的抗氧化防御系统的影响。在室内实验条件下将褐菖鲉置于含 DWSF 的海水中，
浓度分别为 0.02 mg/L、0.1 mg/L 和 0.5mg/L。每天更换一半相同浓度的海水，并于暴露




分析，探讨 DWSF 对褐菖鲉抗氧化防御系统的毒性效应和可能的作用机制。 
1．研究了 DWSF 暴露对褐菖鲉肝脏抗氧化防御系统的影响。结果表明，褐菖鲉肝
脏 SOD、GPx 活性和 GSH 的含量与生境中 DWSF 的含量都有显著的正相关性，所有检
测的肝脏抗氧化生化指标中 GSH 对 DWSF 污染的反应最为灵敏。只有 GST 和 CAT 活
性的相关敏感性较低，可能与具有相同功能的 GPx 较早出现诱导有关。依靠这些抗氧化
酶（剂）的作用，中低浓度组在 DWSF 暴露期间，肝脏内 ROS 水平曾出现较同期对照
组有显著降低现象。与此对应，高浓度组在 DWSF 暴露期间 MDA 含量都表现出显著性
降低，表明脂质过氧化程度较低。作为具有解毒功能的肝脏组织，表现出了较强的抗氧
化能力，褐菖鲉肝脏抗氧化防御系统适合作为海洋石油污染的生物标志物。 
2．研究了 DWSF 暴露对褐菖鲉脾脏抗氧化防御系统的影响。结果表明，随着 DWSF
污染物及其中间代谢物在褐菖鲉脾脏中浓度的积累，各抗氧化酶对污染物暴露较为敏
感。ROS 水平和 MDA 含量在暴露初期显著性降低，脂质过氧化程度较低。大部分脾脏
的抗氧化酶（剂）活性被抑制，GST、SOD 的活性和 GSH 含量与生境中 DWSF 的含量
都有显著的负相关性，只有 GPx 出现过被诱导，这大大减弱了脾脏的解毒能力，增加了
氧化损伤程度。只有 CAT 活性的相关敏感性较低。在取消污染后高浓度组 SOD 酶活力
仍维持显著性抑制状态，也表明褐菖鲉脾脏的抗氧化机能可能受到一定的损伤。由此可
见鱼类免疫器官脾脏的生理生化指标也是潜在的、值得研究的生物标志物之一。 
3．研究了 DWSF 暴露对褐菖鲉肾脏抗氧化防御系统的影响。结果表明，受 DWSF
















































In this study, Sebastiscus marmoratus, which treated with 0 # diesel oil water-soluble 
fraction (DWSF) at concentrations of 0.02, 0.1, 0.5 mg/L in indoor experimental condition as 
the experimental materials, was used to search the potential influence of the antioxidant 
defense systems on organs such as liver, spleen and kidney. Half of sea water was replaced 
with the same concentration one every day and samples were taken on the 0th, 7th, 28th and 
84th days in the exposure time and on the 7th and 28th days after released from DMSF 
respectively. The biochemical parameters of the antioxidant defense systems of immune 
organs, namely level of reactive oxygen species (ROS), content of malondial dehyde (MDA) 
and reduced glutathione (GSH) and activity of superoxide dismutase (SOD), catalase (CAT), 
glutathione-S-Transferase (GST) and glutathionesu peroxidase (GPx) were tested. The toxic 
effect and potential function mechanism of DWSF exposure on the antioxidant defence 
systems of Sebastiscus marmoratus were discussed after biochemical analysis for important 
enzymes activity. The results showed: 
1. Effects of DWSF exposure on hepatic antioxidant defense systems of Sebastiscus 
marmoratus were detected. The activity of SOD, GPx and content of GSH in liver have a 
significant positive relation with the content of DWSF in habitat. Of all the hepatic 
antioxidant biochemical indicators, GSH represented the most sensitive to DWSF, but the 
activity of CAT and GST had slower response, which might be caused by the earlier induction 
of GPx with the same function. The level of ROS in the low concentration group and the 
content of MDA in the high concentration group decreased significantly during the period of 
DWSF exposure owing to the decreasing of the lipid peroxidation level caused by the 
function of the antioxidant enzymes, which indicated liver tissue with a detoxification 
function showed a strong antioxidant function. Consequently, hepatic antioxidant defense 
systems of Sebastiscus marmoratus is suitable to be choosen as a biomarker for marine oil 
pollution. 
2. Effects of DWSF exposure on splenic antioxidant defense systems of Sebastiscus 















the pollutants exposure with concentrations of DWSF and the middle metabolites 
accumulated in the spleen. In the early exposure, the level of ROS and the content of MDA 
significantly decreased that indicated a lower level of lipid peroxidation. Most of the 
antioxidant enzyme activity of the spleen was inhibited, moreover, the activity GST and SOD 
and the content of GSH had a significant negative relation with DWSF concentrations in 
habitat caused by GPx inducement, which greatly weakened the capacity of detoxification of 
the spleen and increased the extent of oxidative damage. After the cancellation of pollution in 
the high concentration group, SOD activity remained significant inhibition, which also 
showed that the antioxidant function of Sebastiscus marmoratus spleen might have been 
injuried to a certain degree. Therefore, the physiology and biochemical indicators of the fish 
spleen were the potential biomarkers worth being studied. 
3. Effects of DWSF exposure on renal antioxidant defense systems of Sebastiscus 
marmoratus were detected. Because of the DWSF stress, the level of ROS of kidney of 
Sebastiscus marmoratus had been in a low state in most of the time, the content of MDA in 
the low concentration group significantly decreased or decreased firstly and then rose to the 
original state in the high concentration group, which indicated that the level of oxidation had 
been stabilized under the elimination of the antioxidant enzymes to oxygen free radicals. 
Moreover, GST activity decreased significantly in the early exposure, SOD activity was 
inhibited first then induced, CAT activity was induced significantly in the low concentration 
group in the later period and inhibited in the high concentration group in the early period, and 
GPx activity had been inhibited during the early exposure. Therefore, the more the degree of 
pollution increased, the slower the adaptive response of GSH to diesel oil became. It was 
obvious that the kidney of Sebastiscus marmoratus has an effective mechanism to protect 
itself from oxidative damage and is suitable to be a biomarker for a low concentration of oil 
pollution. 
To sum up, the antioxidant defence systems on organs of Sebastiscus marmoratus such 
as liver, spleen and kidney are sensitive to the long-term exposure of low level DWSF in the 
environment. The antioxidant defense systems of liver, spleen and kidney can be considered 
as biomarkers for the oil pollution of the environment. Of all, CAT activity of liver and spleen 















same function, so the change of CAT activity can not be considered as a monitoring indicator 
of DWSF pollution in this experiment. Compared with the effect of DWSF on GPx / MDA in 
organs of Sebastiscus marmoratus, the antioxidant capacity of the antioxidant defense 
systems of these three organs in Sebastiscus marmoratus on DWSF appears as below: liver > 
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major）、牙鲆（Paralichthys olivaceus）及黑鲷（Sparus maerocephalus）仔鱼的48 h LC50 
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局（EPA）标准 8310 公布的 129 种优先控制污染物中，有 16 种属于多环芳烃化合物[18]。
我国国家环保局也将 7 种 PAHs 列入中国环境优先控制污染物黑名单[19]。 
海洋中有毒有机化合物多环芳烃的污染监测及其潜在危害等近年来一直受到人们
的重视，并成为国内外研究的焦点。国际上早已开展了一系列有关海洋中有毒有机污染
物的污染监测研究，据统计，在世界范围内每年约有 4.3 万吨 PAHs 被释放到大气中，
同时约有 23 万吨进入海洋环境。由于人类活动主要集中在近海，因此近岸环境中 PAHs
污染更加严重，并且 PAHs 极易吸附于沉积物和悬浮颗粒物，并富集在底质中，因此近
海环境的 PAHs 较难迁移，表现出局域性特征，加剧了近岸环境 PAHs 污染的负荷。早
期研究显示出表层沉积物中苯并(a)芘（benzo(a)pyrene，BaP）浓度可达到 0.13-0.69 
ug/g[20] ，大洋和未污染湖水中 PAHs 含量往往低于 1 ug/L，靠近油田和其他污染源的
PAHs 浓度可高达 50 ug/L[21]。对美国的调查显示，在以下污染地区的沉积物中检测到高
浓度的 BaP 和其他 PAHs：新泽西，纽瓦克海湾（1960 ug/g 总 PAHs），俄亥俄，黑河（1096 
ug/g 总 PAHs），弗吉尼亚，伊丽莎白河（21200 ug/g 总 PAHs）[22~24] 。此外，Catallo
和 Gambrell 报道了路易斯安那沼泽的支流沉积物中的 BaP 含量高达 610 ug/g[25]。随着
经济的发展，有可能导致 PAHs 排放量的增加[26]。国内学者在大连湾、胶州湾、长江口、
厦门西海域、珠江口等也先后开展了此项工作，并取得了许多相应的结果，表明了人类
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表 1－1  PAHs 在中国河口及近岸海域沉积物中的分布 
Tab1 PAHs distribution in the sediments of estuaries and sea shore in China 
地区 PAHs 含量 ng·g-1 平均值 ng·g-1 参考文献 
秦皇岛近岸 202.2～2079.4 1081.9 林秀梅，等，2005[27] 
渤海湾近岸 24.7～34.6  28.0 林秀梅，等，2005[27] 
莱州湾近岸 24.7～139.2  55.0 林秀梅，等，2005[27] 
胶州湾近岸 82.0～4567.0 1000.0 杨永亮，等，2003[28] 
长江口潮湾 263.0～6372.0 1662.0 刘敏，等，2004[29] 
湄洲湾 196.7～229.7 256.1 林建清，等，2003[30] 
厦门西港 105.3～5118.3 1227.7 田蕴，等，2004[31] 
珠江口 156.3～9219.8 1862.0 麦碧娴，等，2000[32] 
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